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1 Introduction

At the RAN1#89 meeting, the following agreements on multi-bit HARQ feedback and grouping CB(s) were reached: 
Agreements:
· For downlink data transmission with CBG based (re)transmission,
· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission
· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission
· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived
· FFS HARQ ACK feedback on one channel for the case of multiple TBs
· FFS for fallback 
Agreements:
· For grouping CB(s) into CBG(s), following is adopted.

· With indicated number of CBGs, the number of CBs in a CBG changes according to TBS.

· FFS for the case of re-transmission or the case when the number of CBs is smaller than the indicated number of CBG 
· FFS “indicated” is realized by RRC, MAC, L1 signalling

Agreements:
· At least following is supported.

· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.

· The difference of CB number per CBG between any two CBGs is either 0 or 1.

· FFS on the detailed rule for the CB grouping.

· Study further benefit and realization of non-uniform CB distribution across CBGs.

Furthermore, to inform the UE how to handle its soft buffer in case of pre-emption, the following was agreed: 
Agreements:
· For DL CBG-based (re)transmission,

· Following information can be configured to be included in the same DCI:

· Which CBG(s) is/are (re)transmitted.

· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.

· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.

· FFS: timing of CBG-based (re)transmission.

· For preemption indication;

· When configured, the indication tells the UE(s) which DL physical resources has been preempted.

· The preemption indication is transmitted using a PDCCH.

· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.

· FFS: the granularity of the time and/or frequency resources.

· FFS: what DCI is used.

· FFS: timing of the preemption indication.

This contribution discusses further aspects of resource allocation of CBG based retransmission and multi-bit HARQ feedback.
2 Discussion

2.1 CBG Based HARQ Retransmissions
eMBB data rates are anticipated to be substantially large in millimetre wave spectrum. This is made possible by transmitting a large number of bits in one or multiple TBs per TTI. The number of CBs per TB can be substantially larger than in LTE, as the largest info block size supported by an LDPC encoder is agreed to be 8192 bits [2]. Acknowledging a large TB using a single HARQ feedback bit could lead to many unnecessary retransmissions of correctly decoded CBs. Therefore, enriched multi-bit HARQ feedback is useful to facilitate retransmission of a subset of the CBs initially transmitted. Further, to satisfy URLLC latency requirements in sub-6 GHz frequency bands, URLLC traffic may pre-empt eMBB services through puncturing of eMBB scheduled resources or superposition coding. This can cause a subset of eMBB CBs to fail, which would require a retransmission of all eMBB CBs in the TTI if single-bit HARQ feedback is used. 
 Therefore, the transmitter can retransmit only failed CBGs in response to CBG-based HARQ feedback. The transmitter may further use adaptive HARQ retransmission to improve the residual BLER of the retransmitted subset of CBs, using improved resource allocation for example. In addition, soft combining can be used on a per-CBG basis, where the UE may leverage the indication issued by the gNB about which CBGs are handled differently for soft-buffer combining.
As per the agreement on CBG-based HARQ, only retransmissions of CBs part of the same TB of a HARQ process is allowed. Therefore, fewer resources are needed for CBG based retransmissions, as fewer bits are retransmitted relative to the TB size. In order to maximize the cell’s spectral efficiency, it shall be possible to reuse resources used for the initial transmission to transmit more than one TB transmitted, either to different UEs or to the same UE but on separate HARQ processes. Adaptive asynchronous HARQ operation makes it possible to schedule retransmitted CBGs on a mini slot or a smaller number of PRBs. This is illustrated in Figure 1 for an eMBB UE exhibiting URLLC interference on a seven-symbol slot, with the use of multi-bit HARQ feedback. In this example, the DL transmission following the reception of multi-bit feedback includes CBs of a first TB being retransmitted along with CBs of a second TB, which can be destined to another user. For this reason, it is necessary to allow a HARQ entity to have multiple active HARQ processes concurrently.
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Figure 1: Illustration of using multi-bit HARQ feedback to retransmit a subset of DL eMBB CBs initially transmitted

Proposal 1:
A CBG based retransmission may use a resource of different transmission duration or number of PRBs relative to the first transmission.
2.2 CB Grouping and Mutli-bit HARQ Feedback Design
During RAN1#89 meeting, it was agreed that for downlink CBG HARQ ACK bits, the UE at least reports HARQ-ACK bit per CBG indicated/applied for transmission [3]. Multi-bit HARQ feedback for a downlink transmission can be sent either on the NR-PUCCH or NR-PUSCH, depending on the payload size. Transmitting a large feedback payload on the PUCCH may consume a lot of capacity of the uplink control channel and create additional interference on it. Hence, dynamic scheduling of the resource used to report the HARQ feedback of a considerable payload can be advantageous. 

In general, it is useful to have a mapping rule that groups CBs based on the TBS, number of PRBs, and the resources vulnerable to interference. In the context of downlink URLLC/eMBB pre-emption, the gNB may configure the number of groups according to the number of code blocks that fit into a symbol or two within the scheduled resource, with the aim of minimizing the number of code blocks retransmitted.

Observation 1:
As a general design guideline, it is useful to minimize grouping code blocks across symbol boundaries, and to minimize mapping a code block over multiple symbols.
It can be useful to use multi-bit feedback in the first transmission then single-bit in subsequent retransmission, since the number of CBs involved is lower and per-CBG soft combining can be used. Conversely, if the channel quality is expected to be uniform across CBs, a single bit could be used from the first transmission. In such case, the network may start with a TB-based single bit HARQ-ACK then switch to CBG-based HARQ if a NACK is received. Thus, it is preferable that the gNB dynamically indicates to the UE the HARQ feedback type to be used even in case where the UE is already configured with CBG-based (re)transmission.
Proposal 2:
For each HARQ (re)-transmission, the gNB signals on the DCI the feedback type; TB-based single-bit HARQ feedback or CBG-based multi-bit feedback.
At the RAN1#89 meeting, it was agreed that the number of CBGs will be indicated to the UE, and consequently the number of CBs per CBG changes according to TB size. For the retransmission case, it is still FFS how many CBG will be used and how to group CBs per CBG. One approach could be to keep the same configured number of CBG applied for the first transmission and perform new CB-to-CBG mapping of the failed CBs. This approach implies that the CBG structure keeps changing from one retransmission to another. In case of NACK to ACK errors, whereby a NACK is misinterpreted as a ACK for a CBG though the UE may have indicated a NACK for that CBG, the CBG is not retransmitted and recovering the CBG may be an issue if the number of CBs per group is not kept constant to reflect the original group. 
A second approach could be to keep the same CB-to-CBG mapping initially used for the first transmission. The successfully decoded CBGs are simply not transmitted and considered “empty” in the following retransmissions. 

Observation 2:
Changing the number CBs per group for a retransmission creates a CBG recovery issue in the event of NACK-to-ACK errors.

Therefore, in order to avoid resorting to stringent power control or repetition coding on the HARQ feedback codebook to meet a certain NACK-to-ACK error probability, the number of multi-bit feedback bits and the number of CBs per group shall be kept constant for retransmissions. This applies only if the network did not indicate TB-based HARQ for the retransmission, as the NACK-to-ACK error are not an issue then, because the UE can report a NACK for the whole TB using a single bit. Further, in the case where the number of CBs involved in a retransmission is small, the gNB may decide to switch to TB-based single bit HARQ feedback.
Proposal 3:
The number of multi-bit feedback bits and the number of CBs per group should not be changed across CBG-based retransmissions.
With configured number of CBGs, it was agreed at RAN1#89 that at least uniform grouping of CBs per CBG is supported. In our view, non-uniform distribution of CBs should also be supported. In fact, in case of URLLC puncturing, the potentially impacted resources by pre-emption may be known by the network. For example, the network may allocate a set of PRBs and/or symbols for possible URLLC pre-emption. Those resources could have different size depending on the radio resource management. One possible mapping could be to group CBs that are likely to be impacted by URLLC into one CBG and uniformly distribute the remaining CBs across the other CBGs. For example, if the UE is configured with two CBGs, one CBG will group the CBs that are more likely to be interfered while the other CBs are grouped in the other CBG. Such solution could help the gNB to better handle the CBG retransmissions and the UE to soft combine the CBGs. 
Proposal 4:
Non-uniform distribution of CBs to CBG should also be supported.
3 Conclusion

In this contribution, CB-based HARQ and multi-bit HARQ feedback were discussed, including motivation and design aspects. The following is observed and proposed:
Proposal 1:
A CBG based retransmission may use a resource of a different transmission duration or number of PRBs relative to the first transmission.
Observation 1:
As a general design guideline, it is useful to minimize grouping code blocks across symbol boundaries, and to minimize mapping a code block over multiple symbols.

Proposal 2:
For each HARQ (re)-transmission, the gNB signals on the DCI the feedback type; TB-based single-bit HARQ feedback or CBG-based multi-bit feedback.
Observation 2:
Changing the number CBs per group for a retransmission creates a CBG recovery issue in the event of NACK-to-ACK errors.

Proposal 3:
The number of multi-bit feedback bits and the number of CBs per group should not be changed across CBG-based retransmissions.
Proposal 4:
Non-uniform distribution of CBs to CBG should also be supported.
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